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ABSTRACT 


A  cag *  coi*uinlng  20  mica  vm  placed  In  Mch  of  12  underground  shelters  tested  on  shot 
Smoky  in  an  attempt  to  assess  biologically  the  inside  environment  of  the  shelters.  Tvo  sam¬ 
ples  of  20  mice  each  acted  as  controls.  The  structures,  of  French  and  German  design,  were 
located  at  ranges  between  840  ft  and  4320  ft  from  Ground  Zero.  Shot  Smoky,  a  nuclear  device, 
was  exploded  atop  a  700-ft  tower  and  had  a  yield  of  43  kt. 

Ail  but  one  group  of  mice  wore  recovered  cm  D +2  days.  Aside  from  two  samples  placed  In 
unrealistic  locations,  all  animals  were  alive  at  recovery.  With  one  exception,  the  peak  pres¬ 
sures  in  the  chambers  that  contained  mice  were  insignificant,  ranging  from  a  fraction  of  1  pal 
to  1.8  psi.  The  one  high  pressure  of  14.4  pel  did  not  kill  any  of  the  mice.  According  to  the 
film-badge  dosimeters,  one  group  of  mice  received  190  r  of  gamma  radiation.  The  others  wsre 
exposed  to  54  r  of  gamma  or  less. 

Tbs  mica  were  observed  for  a  60-day  posts  hot  period.  The  deaths  that  occurred  were  at¬ 
tributed  to  a  Salmonella  infection  in  the  animal  colony  and  not  to  radiation. 

Although  the  gamma  radiation  doses  that  most  of  the  animal  groups  received  were  low,  the 
levels  that  existed  in  the  main  chambers  near  the  entry  doors  of  the  German  shelters  were 
over  100  r,  a  biologically  significant  dose.  In  contrast,  the  environment  within  two  of  the  French 
shelters  appeared  to  be  quits  acceptable. 
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Chapter  1 

INTRODUCTION 


At  the  request  of  the  Federal  Civil  DtfenM  Administration,  th.  >  project  placed  biological 
specimens  in  a  number  of  heavy  concrete  »  nderground  shelters  of  foreign  design  which  were  to 
be  subjected  to  a  nuclear  detonation.  The  shot,  code  named  "Smoky,1*  was  exploded  on  tap  of  a 
700 -ft  tower  and  had  a  yield  of  49  ki. 

The  objectives  were  (1)  to  place  the  specimens  in  the  mala  personnel  chambers  of  the 
structures  and  to  note  any  mortality  over  a  60-day  post  shot  period  and  (2),  i*  possible,  to  re¬ 
late  the  cause  of  any  deaths  to  a  specific  environmental  factor. 


Chapter  2 
PROCEDURE 


2.1  STRUCTURES 

The  general  layout  of  the  structures  in  relation  to  Ground  Zero  (GZ)  is  shewn  In  Fig.  2.1. 
Ground  Zero  «u  to  the  north  of  the  structures;  the  blast  line  ran  approximately  north  and 
south.  Those  structures  to  the  west  of  the  blast  line  were  of  French  design,*  and  those  to  the 
east  were  of  German  design,  t 

The  French  structures  U-3,  11-4,  and  II-5  were  primarily  for  entryway  tests  and  tests  of 
blast -closing  ventilation  ducts;  thsy  did  not  contain  a  large  personnel  chamber.  The  main  room 
of  Shelter  H- 1  was  rectangular  in  shape,  the  thickneaa  of  the  walla  wma  1  ft  ll1/,  in.,  and  it  was 
3  ft  ll1/.  In.  beneath  the  surface.  Shelter  11-2  had  a  main  room  that  was  circular  In  cross  sec¬ 
tion  with  walls  that  were  10  in.  thick.  fi  had  4  ft  9  In.  of  earth  cover. 

There  were  three  types  of  German  shelters.  The  CA  design  had  main  personnel  rooms 
that  wers  circular  In  cross  section  with  walla  of  i  ft  31,  In.  thickness;  thsy  were  5  ft  3  In.  be¬ 
low  ground.  The  shelters  of  the  RA  type  were  4  ft  underground,  rectangular,  and  had  walla 
whose  thickness  wma  1  ft  ll1,  in.  The  RC  type  were  leas  massive  than  the  RA  type,  haring 
walla  of  ll1/.  In.  thickness  and  only  3  ft  of  earth  cover. 

2.2  ANIMALS 

The  experimental  animals  used  in  this  study  wers  female  mice  of  the  RAP  stralnl  whose 
body  weights  were  between  20  and  25  g  at  the  time  of  testing.  Their  age#  were  approximately 
9  weeks.  A  sample  of  20  mice  in  a  wtre-mesh  cage  (approximately  9  by  15  by  9  in.)  wss  placed 
in  each  of  twelve  of  the  fourteen  structures.  Those  shelters  in  Fig.  2.1  msrksd  33.0  contained 
animal  specimens.  In  addition,  two  cages  of  20  mice  each  were  kept  as  controls.  The  cages 
contained  copious  amounts  of  food  (Purina  Laboratory  Chow)  and  two  water  bottles  (Fig.  2.2). 

In  the  event  the  blast  Jarred  the  water  bottle*  from  the  cage,  each  cage  also  contained  sliced 
raw  potatoes  to  act  as  a  source  of  moisture.  Control  tests  showsd  that  mice  under  these  cir¬ 
cumstances  could  survive  s  four -day  period  unattended. 

Following  the  test  all  the  mice  from  a  given  shelter  were  maintained  as  a  group  in  one 
cage,  the  same  type  in  which  ‘hay  had  been  exposed  (Fig.  2.2).  The  animal  cages  were  In¬ 
spected  daily,  and  the  date  c4  any  deaths  was  recorded.  Dead  mice  were  preserved  in  formalin. 


•See  Project  30.6,  vt-1453. 
t  Sse  Project  30.7,  VT-1464. 

I  Purchased  from  ockland  Farms,  New  York. 


10 


n 


3.2.1  Location  of  Auiuuu  Cages  in  Shelters 

(ft)  French  Structure *  (I!-l  to  IIS).  Each  of  the  five  French  structures  contained  a  cage 
ot  20  mice.  In  Shelters  3-3  (Station  8004),  H-4  {Station  8005),  and  H-E  (SUtion  8003),  the  cages 
wore  secured  on  a  spring-suspended  platform  with  several  heavy  elastic  bends.  The  platforms 
were  3  ft  above  the  floor  In  the  app-  jxi'nete  center  ot  the  room.  In  Shelter  H-l  (Station  8001), 
the  cage  was  located  on  the  flo«r  of  the  main  personnel  chamber  3  ft  to  the  west  of  the  partial 
partition  and  l1/*  ft  from  the  south  wall.  Because  gasoline -driven  generators  were  to  bo  run  in 
Structure  U-2  (Station  3002),  the  cage  wa-  placed  on  the  top  landing  of  the  main  stairway  and 
not  in  the  main  personnel  chamber.  The  «*nct  locations  of  the  cages  in  these  structures  are 
shown  la  Figs.  2.3  through  2.7. 


Fig,  2.2  —  Mouse-cage  Installation. 


(b)  German  Skelter*.  A  cage  of  ?C  mice  was  placed  in  each  of  seven  of  the  nine  German 
shelters.  In  all  but  one  case  the  cage  was  placed  on  the  floor  ot  the  main  chamber  1%  ft  from 
the  north  wall  and  3  ft  east  ot  V.tn  inner-door  baffle  partition.  The  exception  was  in  Shelter  CAb 
(St*  *  ion  8012),  where  the  cage  was  placed  on  the  floor  of  the  main  personnel  chamber  in  the 
approrimaie  center  of  the  rocm.  There  were  no  mice  in  Structures  EAb  (Station  8010)  and  CAa 
(Station  8006).  A  more  exact  location  of  the  animal  cages  can  be  seen  In  the  plan  drawings  of 


the  shelters  in  Figs,  3.d  throw fh  3.14.  This  information  1*  provided  In  tsbdar  ter  a.  la  Table 
2.1.  Cages  wri  secured  to  the  floor  by  ft  hoary  cord  stretched  screws  the  top  of  the  cage  and 
anchored  to  tha  floor  by  etude  (Fig.  2.2). 

2.3.2  Tliua  of  Placement 

Animals  vara  placed  Ln  tha  structures  between  D-4  sod  D  -l  days,  Each  day  thereafter 
the  food  and  water  supply  was  replenished  up  to,  sad  lacludiag,  D-l  day. 

2.3  DWTBUlfEtfTATIOK 
2.3.1  Ionising  ffc. dirtier 

(a)  Gamma  R<utu>tion,  Edgertoo,  Oeraasahsueen  &  Drier  film  badges  were  used  as  gamma- 
radiation  dosimeters.  They  were  placed  in  considerable  numbers  is  the  sufryway  ramp,  escape 
hatch,  and  inner  room/*  of  each  structure  by  Project  39.1a  (WT-1400). 

(b)  Neutron  Ra&a.ie*.  Germanic  m  neutron  detectors,  along  with  *ul  ur  and  gold  neutron 
detectors,  were  «i*ed  to  measure  neutrons  of  differed  energies.  Germanium  detectors  were  la 
all  the  structures  except  RCb  And  RCc.  Each  of  four  structures  at  the  1003 -ft  range  from  GZ, 
il  l.  3-3,  RAc  erd  CAb,  coKtoined  two  sulfur  and  gold  dosimeters. 


2.S.2  Pressure-Time  Measurements 

PailieUc  Research  Laboratory  self-recording  mechanical  gauge*  vers  used  to  meteors 
and  record  pressure -time.  Gauges  were  installed  in  the  different  compartments  of  the  shelters 
as  well  as  ln  the  entryway  ramps  and  outside  along  the  main  blast  lias  by  Project  30. 5b (WT- 1535). 
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Fij  2.4 — Location  of  mouao  cago  In  Shalter  11-2  (  8-30.6-8002) 


62 


Fig.  2.5'— Location  of  mouse  cage  in  Shall*  II -3  (5 


Fig.  2.6— Location  ef  moaaa  cage  la  Stellar  0*4  (S-J0.6-S006). 


II 
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Pig.  2.9***' Location  of  moon  cage  in  Sholur  RAc  (i-SO.7-9011). 


Pig.  2.19 — Location  af 


caga  to  aotor  UU  (9-J9.7-991J). 


TABLE  2.1  —STRUCTURES  IN  WHICH  ANIMAL  CAGES  WERE  LOCATED 


Stroetare 

No. 

Distance 

Iron  GZ. 
ft 

Wall 

thlckaee* 

Daptfc  of 
structura 

Location  of  animal  cages 

French  Shelters 

n-Ks-to.e-sooi) 

100S 

1  ft  11*4  u»- 

2  ft  11%  la- 

Floor  of  main  chamber 

1*4  ft  from  aouth  wall 
and  13ft  from  waat  wall 

II-KS-S0.2-S00M 

1002 

• 

• 

Oa  firat  landing  la  main 
atairway 

II-3<0-IO.S-«OO4) 

100S 

2  ft  0  la. 

2  ft  ll*/4  la. 

Oa  table  in  mala  chamber 

3  ft  high 

Z2-4(a-2G.«-400S) 

1002 

2  ft  0  la. 

3  ft  llV4  I®* 

On  table  in  main  chamber 

3  ft  high 

n-MS-M.S-SMS) 

1020 

2  ft  0  la.  2ft  11V4  la. 

Otran  AtlUn 

On  table  in  main  chamber 

3  ft  high 

RAa(S-3«.T-«00$) 

240 

1  ft  11 V4  la. 

4  ft  0  la. 

Ob  floor  of  mala  chamber 

1*4  ft  from  north  rail 
and  S  ft  from  partition 
door 

HAott-M.T-4011) 

1002 

1  ft  11 V4  la. 

4  ft  0  la. 

On  floor  at  mala  chamber 

1*4  ft  'ram  north  wall 
and  3  ft  from  partition 
door 

HAdW-Se.T-SOll) 

11T0 

1  ft  U*/4  la. 

4  ft  0  la. 

On  door  of  mala  chamber 

1*4  ft  from  north  wall 
and  3  ft  from  partition 
door 

RCa(l-3G.T  -6014) 

irro 

llty  In. 

3  ft  0  la. 

On  floor  of  main  chamber 

1*4  ft  from  north  wall 
and  3  ft  from  partition 
door 

K€b<S-M.T--4QlS) 

2420 

11*4  la- 

3  ft  0  la. 

Oa  floor  of  main  chamber 

1*4  ft  from  north  wall 
and  3  ft  from  partition 
door 

XCoO-M.T-401*) 

4220 

llV*  la. 

3  ft  ^  la. 

On  floor  of  main  chamber 

1  *4  ft  from  north  wall 
and  )  ft  from  partition 
door 

CAMS-M.T-4M2) 

1002 

1  ft  «V4  la. 

•  ft  1  la. 

Oa  floor  ta  the  tpproalmah* 
center  at  the  main  ham  bar 

Cfcjptor  3 
RESULTS 


3.?  TIME  OF  RECOVERY 

because  of  high  radiation  levels  following  the  shot.  »*  m  D  + 1  dnya  before  tha  animals 
vara  recovered  from  tha  shelters.  Thoaa  is  tha  atalrvay  of  Structure  C-2  (Station  8001)  vara 
not  recovered  until  D  +3  daya. 


3.2  IMMEDIATE  MORTALITY 

Thara  vara  no  tm madia ta  daatha  aa  a  raault  of  tha  nuclear  detonation  among  any  of  tha 
mica  that  vara  locatad  in  tha  main  chambar  of  tha  structures.  All  20  mica  from  Qhaltar  CAb 
(Station  8012)  vara  daad  upon  recovery;  however,  tha  cause  of  death,  aa  datarmiaad  by  a  pa- 
thologlat,  vaa  carbon  monoxide  poisoning  Tha  source  of  tha  carbon  moaoartdo  waa  a  gasoline  - 
driven  ganarator.  Evan  though  tha  exhaust  of  tha  gasoline  engine  var  piped  to  the  outside, 
carbon  monoxide  gas  evidently  leaked  panned  the  cylinders  down  through  the  oil  pan  and  into 
the  room.  Tha  only  other  animals  dead  at  recovery  vara  1 9  of  tha  20  mice  located  in  tho  stair¬ 
way  of  Structure  0-2  (Station  8002)  shown  in  Fig.  2.4,  a  position  that  provided  little  radiation 
shielding. 


3.3  RADIATION  AND  OVERPRESSURE  MEASUREMENTS 
3.3.1  Radiation  Measurements 

(a)  Gemma  Rmiiaticm.  Since  the  gamma  -  radiation  levels  varied  considerably  within  the 
same  shelter,  soma  of  tha  values  obtained  at  diff treat  locations  have  base  added  to  t*s  plan 
drawings  (Figs.  2.3  through  2.14).  Aa  oaa  would  expect,  tha  radtstiaa  levels  In  tha  eotryvay 
ramps  ware  high.  IFfhln  tha  atructuraa  tha  hlghaat  readings  wars  Just  1  aside  tha  outer  seels 
door  and  in  the  escape  hatch.  Wtthta  the  mala  personnel  chaaabur  tha  gasuna  rdintne  van 
highest  near  tha  vail  that  asperated  the  room  from  the  eotryvay  ramp,  the  values  decruuadng 
toward  the  center  of  the  room.  This  pattern  was  particularly  true  la  the  Per  me  a  shelters  of  tha 
RA  and  RC  design  (Figs.  2.8  through  2.12). 

Table  3.1  lists  the  gamma  does  (in  roentgens)  as  measured  by  tha  film  tmdpa  that  van 
closest  to  the  amimala*  cage  or,  la  Structure#  13-1,  n-4,  and  0-9,  tha  average  cf  a  reudtag  takes 
oa  either  aide  of  tha  room  opposite  tha  cage.  TVs  iilghaet  gimme  dues  to  which  mica  vara  aa- 
poeed  (180  r)  vaa  recorded  adjacent  to  tha  cage  la  Eheltar  JtCu.  This  Mhr  waa  not  the 
cloa eat  to  GZ  but  waa  at  tha  lTTO-ft  range.  Tha  lover  levels  that  a— mala  received  vara  2.0  r 
In  D-l  and  2.1  r  la  RCc  at  the  1008-  sad  4820-ft  ranges,  respectively.  Aa  mm  la  ThMa  1.1,  tha 
other  doses  ranged  between  14.8  r  and  140  r. 
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TAB  LX  3.1  —  MORTALITY  FOB  MICE  EXPOSED  IN  UNDERGROUND  SHELTERS 


Structure 
dee  Ignition 

DUtaaca 
from  OZ, 
ft 

Ptak  praaaura 
laalda  shelter, 
pal 

radiation 
laalda  shelter, 

r 

Number  of  daatha  by  daya* 

14  30  44  80 

n-i 

1004 

0.3 

3.0 

0 

0 

0 

0 

n-a 

1004 

1.4 

3T.7t 

1 

3 

4 

11 

n-4 

1004 

14.4 

43. St 

1 

2 

T 

13 

n-» 

1040 

1.4 

34. at 

4 

4 

8 

8 

RAa 

440 

t 

34.0 

1 

2 

2 

2 

RAo 

1004 

0.1 

23.0 

0 

1 

1 

1 

RAd 

lire 

t 

14.8 

0 

1 

1 

2 

AC* 

mo 

0.4 

140.0 

0 

1 

1 

1 

RCb 

3430 

0.3 

44.0 

0 

0 

0 

0 

RCc 

4S30 

l 

3.4 

0 

3 

13 

12 

Control  1 

0 

0 

0 

0 

Control  S 

0 

0 

3 

3 

*  A  group  of  SO  mloa  la  each  shelter. 

t  Average  a i  tiro  film-badge  doelmetere  that  **r«  located  oa  either  aide  at  th«  chamber.  Th« 
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TABLE  i, 3— NEUTRON  MEASUREMENTS  INSIDE  STRUCTURES 
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(b)  Neutron  Measurements.  There  are  only  a  few  neutron  measurements  available.*  No 
reliable  reeulte  were  obtained  from  the  germanium  detectors,  and  only  four  at  the  eight  sulfur 
and  gold  dosimeters  were  recovered.  The  results  of  four  sulfur  and  gold  detectors  are  given  in 
Table  3.2.  Although  none  of  these  measurements  were  made  in  the  main  room  with  an  animal 
cage,  they  do  provide  some  indication  of  how  much  neutron  radiation  may  have  entered  these 
rooms. 

In  the  main  personnel  chamber  of  Shelter  11-2,  the  fast-  and  slow -neutron  doses  were  cal¬ 
culated!  from  the  measured  flux  intensive*  to  be  0.83  and  0  79  rad,  respectively  (see  Table 
3.2).  Between  the  outer  and  Inner  blast  doors  of  Shelter  RAc ,  the  f*si-  and  slow-neutron  fluxes 
were  equivalent  to  84  rad  and  115.9  rad.  In  the  escape  hatch  at  the  opposite  end  of  the  same 
structure,  values  of  2.8  rad  and  3.7  rad  were  measured  for  fast  and  alow  neutrons.  Inside  the 
outer  door  of  Structure  CAh,  which  was  oriented  differently  than  RAc,  only  5.7  rad  and  35.7  rad 
were  recorded  for  fast  and  slow  neutrons. 

3.3.2  Pressure-Time  Measurements 

Althougn  numerous  pressure -time  measurements  were  mads  both  inside  and  outside  the 
shelters,  only  the  peak  pressures  recorded  In  the  room  that  contained  animals  are  given  in 
Table  3.1.  The  only  pressure  within  the  shelters  of  any  consequence  (14.4  pel)  resulted  when 
the  blast-dosing  valvs  in  the  ventilation  duct  of  Structure  n-4  failed  to  doss.  For  detailed  re¬ 
sults  the  reader  is  referred  to  the  reports  of  Projects  30.5b  and  30.5c,  WT-1535  and  WT-io39. 

3.4  DELATED  MORTALITY 

The  number  of  mice  dead  by  15,  30,  45,  and  90  days  postshot  are  tabulated  in  Table  34, 
along  with  the  gamma  dose  &ab  peak  pressure.  A  graph  shoving  the  number  of  mice  surviving 
vs.  time  is  presented  in  Fig.  3.1.  There  were  no  desths  among  the  II- 1  or  RCb  groups  and  only 
a  single  fatality  In  the  RCa  and  RAc  groups.  Two  of  the  control  mice  expired  in  the  90-day 
postshot  period. 

According  to  the  data  in  Table  3.1,  the  number  of  deaths  In  each  group  had  no  relation  to 
the  magnitude  of  the  gamma  radiation  which  the  animals  received  For  example,  only  one 
mouse  died  rom  the  RCa  group,  which  was  subjected  to  the  highest  dose  (190  r);  whereas  12 
mice  died  In  the  sample  from  RCc,  which  was  exposed  to  only  2.9  r. 

The  most  fatalities  (13)  occurred  in  the  sample  from  0-4  in  which  an  overpressure  of  14.4 
pel  wae  recorded.  However,  the  deaths  were  a  A  attributed  to  blast  since  there  were  no  im¬ 
mediate  deaths  in  that  group. 


3.5  PATHOLOGICAL  FINDINGS 

A  chronic  infection  of  Salmonella  (mouse  typhoid)  in  the  animal  colony  undoubtedly  was  the 
cause  of  tbs  delayed  deaths.  At  autopsy,  splenomegaly  and  enlarged  spotted  livers  were  invar¬ 
iably  found.  This,  along  with  diarrhea  and  contested  livers  (observed  histologically),  plus  tbs 
actual  identification  of  U**  organism  from  cultures  taken  from  contents  of  the  gaatro- intestinal 
tract,  left  little  doubt  regarding  this  conclusion. 


•See  the  report  of  Project  29.1b,  WT-1471. 

t  The  authors  are  indebted  to  Mr.  J.  Says*.  Health  Division  of  the  Lee  Alamos  Scientific 
Laboratory,  for  these  calculations. 
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DISCUSSION 


Of  the  lmuedivte  effects  from  s  nuclear  detonatlos  (thermal  radiation,  lonltlng  redtatkm, 
and  blast),  It  appears  that  Ionising;  radiation  was  the  only  one  to  reach  biologically  significant 
levels,  most  notably  in  the  German  structures  of  the  RC  and  RA  design.  The  gamma-radiation 
levels  of  over  200  r  recorded  in  the  vest  end  of  the  main  personnel  rooms  art  undesirably 
high  and  would  be  acceptable  for  man  only  in  the  gravest  emergencies  (see  Figs.  2.8  through 
2.12).  Moreover,  if  the  neutron  radiation  followed  the  same  general  pattern  as  did  the  gamma, 
the  radiation  levels  may  well  have  been  still  higher  because  200  rad  of  neutron  radiation  was 
measured  inside  the  main  door  of  Shelter  RAc. 

Unfortunately,  the  mice  were  placed  In  that  portion  of  the  main  rooms  where  radiation 
levels  happened  to  be  minimal.  The  various  groups  were  therefore  exposed  to  saNathsl  lev  'a 
of  radiation. 

That  all  20  animals  survived  in  the  French  Shelter  Q-l  draws  one's  attention  to  the  en¬ 
couraging  fact  that  the  environment  inside  the  shelter,  only  1008  ft  away  from  a  4I~kt  endear 
explosion,  no  doubt  would  have  allowed  survival  of  human  occupants. 


